Objectives: To determine (1) the intake of vitamin-mineral supplements by 855 low-income Brazilian pregnant adolescents and non-adolescents in three interviews (gestational ages p16, 20-26 and 30-36 weeks), (2) the relationship between vitaminmineral supplementation and toxic exposure, and nutritional, psychological, socio-economic, demographic and obstetric characteristics of the women. Design: Longitudinal cohort study. Setting: Jundiaí city, São Paulo, Brazil. Subjects: A total of 855 pregnant adolescents and non-adolescents who attended antenatal care from September 1997 to August 2000. Methods: A general questionnaire was utilized three times in pregnancy (gestational ages p16, 20-26 and 30-36 weeks) to investigate the vitamin-mineral supplements ingested by the women, their smoking habit and alcohol intake, anthropometric measurements (pre-pregnancy and actual weight, height, mid-upper arm circumference) and psychological (anxiety, stress and distress), socio-economic (per capita income), demographic (education, age, marital status) and obstetric (gravidity) characteristics. The associations between vitamin-mineral supplementation and maternal characteristics were assessed in 12 multiple logistic regression models, stratifying the women by age and per capita income. Results: Iron and vitamin C were the most ingested supplements by adolescents and non-adolescents, in the three interviews. Logistic regression analysis revealed that the maternal predictors for non-use of vitamin-mineral supplementation were acute anxiety and alcohol intake for adolescents, and low education, single without partner, distress (anxiety, depression, etc.) and stress for non-adolescents. Conclusions: These are important data to identify groups of low-income pregnant women in need of supplementation guidance and nutrition education. Stress/distress was a predictor for non-use of vitamin-mineral supplements for both adolescents and non-adolescents pregnant women. Sponsorship: Fundação de Amparo à Pesquisa do Estado de São Paulo-FAPESP (grant no. 1998/00321-0) and Conselho Nacional de Desenvolvimento Científico e Tecnoló gico-CNPq (grant no. 520/242/97-1), Brazil.
Introduction
A vitamin and mineral supplement is probably the most common prescription provided to pregnant women worldwide. According to Allen (2005) , most attention has been focused on a few vitamins and minerals, although micronutrient deficiencies occur simultaneously when diets are poor, a problem especially for low-income pregnant adolescents (Institute of Medicine, 1990) . Low-income pregnant adolescents, apart from the usually poor diet, have increased nutritional requirements for the growth of the foetus and for themselves. A cause of concern, notably in developing countries, is the increase in the number of pregnant adolescents (Treffers et al., 2001) , which may indirectly influence the prevalence of vitamin-mineral deficiencies.
In Brazil, as in most of the developing countries, iron deficiency is a public health problem, involving 30-40% of the pregnant women (http://dtr2004.saude.gov.br/nutricao). Studies carried out in São Paulo city, and nearby, have detected low concentrations of iron, vitamin A, C, folate and B12 in blood of low-income pregnant women, including adolescents (Szarfarc and Souza, 1997; Fujimori et al., 1999; 2000; GuerraShinohara et al., 2002; Madruga de Oliveira et al., 2004) . In March 2005, a supplementation programme to prevent and treat iron deficiency (http://dtr2004.saude.gov.br/nutricao/ documentos/portaria_730_ferro.pdf) was officially implemented in the country, although iron tablets (alone or combined to a vitamin-mineral supplement) have been offered to pregnant women at the health centres for more than 20 years (Ministério da Saú de, 1982) . In addition, low-income Brazilian pregnant women may receive from their doctors, at the antenatal care services, free samples of vitamin-mineral supplements, given by pharmaceutical industries.
Some retrospective epidemiological studies have investigated the use of vitamin-mineral supplements by pregnant women (Timbo et al., 1994; Yu et al., 1996; Egen-Lappe and Hasford, 2004) . Egen-Lappe and Hasford (2004) utilized prescription data of a large cohort of pregnant women, retrospectively, from a German statutory sickness fund. Nevertheless, according to the authors, probably not all drugs prescribed were taken and, on the other hand, some women may have taken drugs, that were not prescribed. In retrospective studies, many women are not able to accurately recall and differentiate between the various medicines they have ingested in pregnancy, especially low-income women from developing countries, considering that a large percentage of them are illiterate. In view of these limitations, it is important to carry out prospective studies asking women for the names, prescriptions, dates and periods in pregnancy when they ingested vitamin-mineral supplements.
It is important to understand the patterns of vitaminmineral supplement use among pregnant women (adolescents and non-adolescents), and the predictors for non-use, in order to implement supplementation programmes, together with nutritional education, in regions where vitamin-mineral deficiencies are a problem.
The objectives of this study were (1) to determine the intake of vitamin-mineral supplements by 855 low-income Brazilian pregnant adolescents and non-adolescents in three interviews (gestational ages p16, 20-26 and 30-36 weeks), (2) to assess the relationship between vitamin-mineral supplementation and toxic exposure, and nutritional, psychological, socio-economic, demographic and obstetric characteristics of the women.
Materials and methods
This is part of a large cohort study on risk factors for low birth weight, prematurity and intrauterine growth retardation (Rondó et al., 2003) . It initially involved 1182 pregnant women who attended antenatal care between September 1997 and August 2000 at 12 health centres and five hospitals in Jundiaí city, nearby São Paulo city. The participants were insured by the 'Sistema Ú nico de Saú de' (SUS) (the National Health Service that assists low-income families), and were interviewed in three periods of pregnancy -at gestational ages p16 weeks, from 20 to 26 weeks and from 30 to 36 weeks by four health workers. Women with chronic infectious diseases, metabolic diseases, cardiopathy, mental diseases, hypertension/pre-eclampsia/eclampsia and multiple deliveries were not included in the study. Data for a total of 855 women were analysed. There were no differences when we compared the proportion of women with selected socio-economic and demographic characteristics between the study sample (n ¼ 855) and the excluded women (n ¼ 327), using w 2 tests. Details about the causes of the losses of the cohort are given elsewhere . A standardized questionnaire (applied by four health workers) was utilized to get information on any kind of medicine, including vitamin-mineral supplements, ingested by the pregnant women in the different periods of pregnancy. The information given by the women was checked through prescriptions and medical records. The women were also asked to bring the supplements in the next interview, even if a doctor had not prescribed them. A pharmacist involved in the project carefully evaluated the medicines, in order to determine all their compounds.
Women's anthropometry, medical and obstetric history, socio-economic, demographic and psychological characteristics, and toxic exposure were assessed in the three interviews. The anthropometric measurements (weight, height, and mid-upper arm circumference -MUAC) were determined according to the recommendations of Cameron (1984) and Jelliffe and Jelliffe (1989) . The women had their psychological status evaluated by the State-Trait Anxiety Inventories (Spielberger et al., 1970) , Perceived Stress Scale (PSS) (Cohen et al., 1983) , and the General Health Questionnaire (GHQ) (Goldberg, 1972) . The State Anxiety Inventory (SAI) and the Trait Anxiety Inventory (TAI) assess acute and chronic anxiety, respectively, with a cutoff point of 40. The GHQ estimates distress (anxiety, depression, etc.) with a cutoff point of 3, and the PSS assess chronic stress, with no clear cutoff point. Women were asked if they had smoked or ingested alcohol in the three periods of pregnancy.
On-site supervision of the interviewing and anthropometric procedures took place throughout the study. To test for reliability, the four health workers interviewed 20 pregnant women four times at 1-week intervals. There was an inter-observer coefficient of variation of 5% comparing the health workers assessments.
Statistics was calculated with EPI-INFO and STATA (STATA Corporation 702, University Drive East, College Station, TX 77840, USA). The percentage of use of a single vitamin or mineral supplement was estimated by the intake of this micronutrient alone or in combination. Women were stratified by age (adolescent and non-adolescent) and per capita income (lowest and highest Brazilian Minimum Wage ¼ BMW (BMW ¼ 73 US dollar) comprising four groups. In each of the three different interviews, the groups were analysed using logistic regression, taking into account the variable vitamin and/or mineral intake as outcome, and considering as predictors the following variables: maternal age, education, per capita income, marital status, gravidity, pre-pregnancy body mass index (BMI), weight gain, BMI, SAI, TAI, GHQ, PSS, cigarette smoking (yes or no) and alcohol intake (yes or no). The variables were introduced as categorical (except maternal age and per capita income) using backward stepwise selection. In the logistic regression analysis carried out in this study, we included pre-pregnancy BMI in view that a large number of pregnant women were adolescents, and that they can grow during pregnancy (WHO, 1995) . A probability value o0.05 was considered as significant.
The university's institutional review board approved the study protocol. The participating women signed informed consents at the first interview.
Results
Distribution of the ingestion of each mineral and vitamin supplement, by adolescents and non-adolescents, in the three periods of pregnancy was very similar (Figures 1-4 Vitamin-mineral supplementation in pregnancy PHC Rondó et al the most ingested mineral by adolescents and non-adolescents in the three trimesters of pregnancy (21 vs 22%, 68 vs 66%, 63 vs 60%, respectively). Vitamin C was one of the most ingested vitamins by adolescents and non-adolescents in the three trimesters of pregnancy (17 vs 23%, 44 vs 47%, 39 vs 45%, respectively). More adolescents (88.8%) had a lower per capita income (p3 BMW) compared to non-adolescents (75.2%). The majority of the adolescents were single (74.3%) and nulligravid (81.8%). Approximately 31% of the adolescents showed a lower pre-pregnancy BMI (o20) compared to 16% of the non-adolescents. More adolescents than non-adolescents presented in the three interviews lower MUAC measurements (p23.5 cm) (21 vs 8.4%, 14 vs 5.5%, 12.1 vs 3.4%) and BMI (o20 kg/m 2 ) measurements (23.8 vs 10.8%, 6.5 vs 1.4%, 1.4 vs 0.3%). A higher percentage of adolescents than non-adolescents showed higher scores of the TAI (440) in the first (60.3 vs 50.5%), second (53.7 vs 42.9%) and third (50 vs 42.6%) interviews, and higher scores of the PSS (427) in the first (61.2 vs 40.1%) interview. Details about the characteristics of the 214 adolescents and 641 non-adolescents are given elsewhere .
Logistic regression models display the factors associated with vitamin-mineral supplementation in the three periods of pregnancy, stratified by maternal age and per capita income (Table 1 ). The following characteristics were significantly more likely to be associated with non-use of vitamin-mineral supplements: acute anxiety and alcohol intake in the first interview for adolescents; low education and single without partner in the first interview for nonadolescents; low education and distress (high scores of the GHQ) in the second interview for non-adolescents; stress (high scores of the PSS) in the third interview for nonadolescents. The following characteristics were significantly more likely to be associated with use of vitamin-mineral supplements: maternal age and single with partner in the first and third interviews for non-adolescents.
Discussion
Ingestion of vitamin-mineral supplements by adolescents and non-adolescents in the three periods of pregnancy was, respectively, 27.6 vs 31.5%, 73.8 vs 71.1% and 69.2 vs 64.9%. Retrospective studies assessing medicine intake by Brazilian pregnant women found percentages of use of some vitaminmineral supplements varying from 34.5% (Mengue et al., 2001) to 86.7% (Gomes et al., 1999) . In the study carried out by Mengue et al. (2001) , only women insured by the National Health Service-SUS (women from low-income families) were interviewed, but in the study by Gomes et al. (1999) , women from private hospitals comprised 83% of the sample. A large retrospective epidemiological study investigated intake of medicines during pregnancy and labour, and found an ingestion of 28.6% for vitamin and mineral in the prevention or treatment of anaemia (Osó rio-de-Castro et al., 2004) , among women from various socio-economic classes. MartinsCosta et al. (1993) referred 58% of ingestion of vitamin and minerals by pregnant women, in a retrospective study carried out in a hospital in South Brazil. A large study carried out in England investigated all types of medicinal products used during pregnancy in a cohort involving 11 545 women. Iron preparations were reported by 33% of the full cohort at some stage and folate by 21.9%. Use of anti-anaemic products increased during pregnancy, with the greatest incidence at 32 weeks (Headley et al., 2004) . The other vitamin-mineral supplements had a low ingestion in pregnancy.
In Brazil, the recommended dietary allowances of the National Research Council (1989) are adopted, but we have no specific guidelines for vitamin-mineral supplementation, except for iron and vitamin A. In agreement with Timbo et al. (1994) , our results indicate that Fe and calcium (Ca) were the minerals most ingested by the pregnant women, in combination with other vitamins or minerals, or in the form of a single supplement. Ingestion of vitamin-mineral supplements increased from the beginning to the end of pregnancy, an increase that was more accentuated for Fe (21-63% for adolescents; 22-60% for non-adolescents). Fe supplementation is recommended to almost all pregnant women in developed and developing countries, but Ca intake is not used routinely in pregnancy (Ladipo, 2000) , only in cases of lactose intolerance (Institute of Medicine, 1990) . Despite the fact that zinc (Zn) is an important mineral for fetal growth, Zn supplementation is recommended by the Institute of Medicine (1990) only when Fe supplementation is 460 mg/day. In this case, copper (Cu) should also be administered to compensate for Zn-Cu interaction (National Research Council, 1989) . Iodine (I) supplements or iodized salt or oil should be given to women before or during pregnancy, in regions where I deficiency is a public health problem, including countries in Europe (Zimmermann and Delange, 2004) . Selenium (Se) supplementation should be considered in areas where I and Se deficiencies coexist (Kohrle, 1999) . For other minerals, deficiencies in pregnancy are unknown.
Vitamin C was the most ingested vitamin in the three periods of pregnancy, a result observed by other researchers in earlier studies (Read and Graney, 1982; Bowerman and Harrill 1983; Gray et al., 1983; Timbo et al., 1994) . Vitamin C supplementation is indicated by the Institute of Medicine (1990) to smokers, alcohol and drug abusers. Vitamin B1 (thiamin), B2 (riboflavin), B3 (nicotinamide) and B6 (pyridoxine) were ingested by more than 39% of the women in the last two interviews, the second group of vitamins most ingested. Vitamin B2 supplementation is indicated in case of Fe deficiency, considering that it can improve the haematological response to iron (Powers, 1998) . Vitamin B6 is recommended to smokers, alcohol and drug abusers, adolescents and women with multiple fetuses (Institute of Medicine, 1990) . Cobalamin (B12) supplement was ingested by more than 31% of the women in the last two interviews.
It is usually given to women taking anticonvulsant drugs and to vegetarians, lacto-ovo-vegetarians and individuals who consume low amounts of meat (Helman and Darnton-Hill, 1987; Herrmann et al., 2001; Tumer et al., 2002; Koebnick et al., 2004) , although recent studies have shown that even lacto-ovo-vegetarians have low plasma vitamin B12. Fourteen per cent of the adolescents and 21% of the nonadolescents ingested vitamin B9 (folate) in the first interview, but we had no information about ingestion of vitamin B9 before pregnancy, an important period to prevent neural tube defects. The Institute of Medicine (1990) recommends the use of vitamin B9 to adolescents, women with multiple foetuses, smokers and alcohol/drug abusers. In this study, vitamin A was always ingested in combination with other vitamins and minerals, in a maximum dosage of 5000 IU per pill, a dosage not related to teratogenicity. Brazilian pregnant women do not need vitamin D supplementation, considering their direct exposition to sunlight. However, vitamin D is recommended by the Institute of Medicine (1990) to complete vegetarians.
Logistic regression analysis revealed that the maternal predictors for non-use of vitamin-mineral supplementation were acute anxiety and alcohol intake for adolescents, and low education, single without partner, distress and stress for non-adolescents. Distress (anxiety, depression, etc.) and stress were common factors associated to non-use of supplements in both groups of women. As far as we know, there is no study evaluating the role of maternal psychological factors on intake of vitamins and minerals. The National Academy of Sciences (Institute of Medicine, 1990) recommended vitamin-mineral supplementation to pregnant adolescents, alcohol and drug users, smokers, vegetarians, women with lactose intolerance and those who have multiple fetuses, considering them as 'high-risk' pregnant women. Therefore, the group of adolescents with the lowest per capita income, and alcohol users had probably a higher chance for adverse pregnancy outcomes. It is well known that less educated and low-income women are less likely to consume supplements in pregnancy than higher income (Stewart et al., 1985; Koplan et al., 1986; Suitor and Gardner, 1990; Cogswell et al., 2003) and more educated women (Yu et al., 1996; Jasti et al., 2005) . According to the literature, single women are also less prone to take supplements in pregnancy than married women (Manzoor et al., 2001) .
Higher maternal age (among non-adolescents) and single with partner were predictors for use of supplements in pregnancy. Probably, older women are more mature and conscious about the importance of vitamin-mineral supplementation in pregnancy. Single women living with partner may view themselves as being married, as has been observed by some of our interviewers. Probably, they have been classified as married in studies that use only two categories for marital status.
Multivitamin-mineral supplementation should be investigated deeply, if we consider that micronutrient deficiencies usually occur together. These are important data to identify groups of pregnant women, especially low-income adolescents from developing countries, in need of supplementation guidance and nutrition education. This is probably the first epidemiological study indicating that pregnant women with stress/distress are at a particular risk for non-use of vitamin-mineral supplements during pregnancy.
